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The morphological cartilage quantification of tibia and central fe- 
mur cartilage from MRI DESS sequences is as accurate and re- 
producible as that of the FLASH sequences for volume and thick- 
ness. The difference in the BCI area is small and without clini- 
cal significance. This represents the first step in the validation of 
DESS sequences as an accurate and precise technique for eval- 
uating OA progression. 
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Aim: Quantitative magnetic resonance (MR) imaging of articu- 
lar cartilage provides valuable metrics of disease status and pro- 
gression in OA. The Osteoarthritis Initiative (OAI) is targeted at 
identifying biomarkers for development and progression of symp- 
tomatic knee OA. Spoiled gradient recalled echo (SPGR) with 
water excitation (we) and 3D image analysis provide accurate in- 
formation on cartilage morphology (thickness, areas), at 1.5 and 
3 Tesla. Limitations of SPGR include relatively long acquisition 
times and relatively poor posterior femoral condyle-capsule con- 
trast. We test the hypothesis that sagittal DESSwe may overcome 
some of these limitations and permits accurate and highly repro- 
ducible quantification of cartilage morphology with shorter acqui- 
sition time or higher resolution. 
Methods: As part of a pilot study for the OAI, test-retest MR im- 
ages of the knee were acquired in 19 participants, 10 without OA 
and 9 with moderate clinical OA. Two double oblique coronal fast 
low angle shot (FLASHwe) sequences with 1.5 mm slice thick- 
ness were acquired at 3T, and two sagittal DESSwe sequence 
with 0.7 mm slice thickness. Double oblique coronal multiplanar 
reformats (MPR) were performed at 1.5 mm slice thickness from 
the latter. Knee joint cartilage plates (patella = P, femoral trochlear 
= TrF, medial and lateral tibia = MT/LT, central (weight-bearing) 
medial/lateral femoral condyles = cMF/cLF) and posterior me- 
dial/lateral femoral condyles = pMF/pLF) were quantified using 
proprietary software (Chondrometrics GmbH, Ainring, Germany). 
Knees were analyzed in random order, with blinding to subject 
identification and paired acquisitions. 
Results: In the femorotibial joint, the precision (RMS CV%) for 
cartilage volume and thickness ranged from 3.1% (MT) to 6.4% 
(cMF) for coronal FLASHwe, from 2.5% (LT) to 6.2% (cMF) for 
coronal MPR DESSwe and from 2.3% (MT) to 8.2% (LT) for 
sagittal DESSwe. Correlation coefficients between DESSwe and 
FLASHwe ranged from r = 0.88 to 1.0. In the femoropatellarjoint, 
precision errors (sagittal DESSwe only) were 5.1% (P) and 7.7% 
(TrF). 
Conclusions: DESSwe is shown to permit accurate analysis of 
cartilage morphology in the femorotibial joint at 3T, with preci- 
sion being similar to that observed with SPGR under "non-paired- 
anaylsis" conditions. However, precision in the femoropatellar 
joint was substantially less than previously reported for sagit- 
tal and axial FLASHwe imaging protocols at 1.5T and 1.5 mm 
slice thickness for non-paired analysis. Future studies will need 
to investigate the accuracy of DESSwe versus FLASHwe in the 
femoropatellar joint, and the sensitivity of DESSwe to longitudinal 
change of cartilage morphology. 
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Objective: The current golden standard for monitoring cartilage 
thinning during osteoarthritis (OA) in clinical trials is currently joint 
gap measurements from x-ray. This work explores an alterna- 
tive, morphometric quantification of cartilage from magnetic res- 
onance imaging (MRI). The aim of this study is to present a novel 
measure of surface smoothness of the articular cartilage from 
knee MRI, and to explore whether this smoothness measure can 
separate a population of OA subjects from healthy population. 
Material and Methods: We studied 114 knee MRI of which 51 
were from healthy knees and 63 from knees with OA (a score 
of 1 or higher on the Kellgren and Lawrence index (KL) deter- 
mined from x-rays) where 28 are KL=I. The subjects were 22-79 
years old with 59% females. Both left and right knees were used. 
The scans were acquired from an Esaote C-Span low-field 0.18 
T scanner performing a Turbo 3D T1 sequence with an average 
sagittal slice thickness of 0.81 mm. We focus on the medial com- 
partment of the tibial cartilage. 
An automatic software method was designed that performs the 
quantification in two steps. First, the cartilage is segmented using 
a voxel classification method based on supervised learning. Sec- 
ondly, a shape model is fitted to the segmented cartilage sheet. 
From the shape model, the cartilage surface curvature is approx- 
imated using the local change in boundary normals. The local 
smoothness is defined as the inverse of the curvature. The over- 
all smoothness is determined as the mean over the central (load- 
bearing) part of the cartilage sheet. 
Results: The reproducibility of the method was estimated 
through the inter-scan variability determined from 31 knees that 
were scanned again one week after the first scan. The linear cor- 
relation coefficient between pairs of measurements is 0.67 (p < 
0.0001) (Fig. 1). The average smoothness is significantly higher 
for the healthy group than for the OA group - as stated by a t-test 
giving p-value 0.00044 (Fig. 2). 
Conclusion: The results demonstrate that the cartilage surface 
smoothness measure is robust with high reproducibility. Further- 
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more, it can separate a healthy from an OA population, which in- 
dicates that our novel smoothness measure can become a useful 
quantitative disease indicator for OA. Finally, since the method is 
automatic it may be suited for clinical studies monitoring disease 
progression. 
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Purpose: To compare MR Imaging at 3T and 1.5T of the hip joint 
for cartilage quality analysis, seperation of femoral and acetabular 
cartilage for diagnosis of early lesions and seperation of acetab- 
ular labrum and corresponding cartilage for impingement diagno- 
sis. 
Method and Materials: 18 volunteers and 7 patients with x-ray 
signs of moderate osteoarthritis underwent MRI Examination at a 
1.5 T and 3T system. At the 1.5 T system both hips were imaged 
seperately (3D-MEDIC, TR = 31.0ms, TE = 17.0ms, resolution 
0.84x0.84x0.84 cm3). At the 3T system both hips were imaged 
in one slab (3D-Medic, 0 .64x0.64x0.64 cm 3) with a body flex coil 
of the same geometric design. Radial images based on the cen- 
ter of rotation in the axis of the femoral neck, each of 30 degrees, 
were reconstructed and used for analysis of seperation of femoral 
and acetabular cartilage, assessment of cartilage quality and in- 
ter observer reproducebility for cartilage thickness measurement 
of three observers. The detection of cartilage quality was com- 
pared by a using a classification of visbility of changes and a car- 
tilage grading according to Outerbridge criteria by three indepen- 
dent observers. Perpendicular reconstructions in the acetabular 
opening were used to determine the analysis of the acetabular 
labrum in terms of impingement. 
Results: There was a significant improvement in the seperation 
of acetabular and femoral cartilage (Fig. 2) for the images ob- 
tained at the 3T system, especially in the lateral portions of the 
hip joint.The interobserver correlation was significantly higher for 
cartilage thickness measurements at the 3T system. Classifica- 
tion of cartilage quality was improved by division between loss of 
cartilage less and more then 50%. There was a significant im- 
provement for seperation of the acetabular labrum and the corre- 
sponding cartilage (Fig. 1 ). Therfore the cartialge quality analysis 
in this area was significant improved 
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Conclusion: By using a 3T system we found in compansion to 
the images obtained at the 1.5T system an improvement for all 
diagnostic criteria of early osteoarthritis. Histological and macro- 
scopic comparision is necessary in future work to show the clini- 
cal significance 
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The cartilage evaluation from FLASH data sets is a promising and 
validated technique for the accurate evaluation of OA progres- 
sion. Musculoskeletal radiologists prefer 3D GRE T2* weighted 
sequence for OA evaluation due its ability to separate cartilage 
tissue from adjacent soft tissues. Recent advances in image 
processing have allowed the combination of the two pulse se- 
quences into a single fused MR image data set. This work val- 
idates the cartilage quantification from the fused datasets from 
1.5T and 3T magnets. 
Thirty female subjects (age 45 4- 5 years), 15 with mild/moderate 
OA and 15 control, were recruited at one clinical center. The sub- 
jects were scanned with a Siemens 1.5T MRI scanner using a 3D 
FLASH protocol, a coronal T1 weighted 3D SPGR sequence and 
a coronal 3D GRE T2* weighted sequence. The same subjects 
were scanned twice in a 3T magnet using the equivalent GRE 
and SPGR 1.5T sequences. Once all the images were acquired, 
the 3D SPGR and the 3D GRE T2* were registered and fused 
for both 1.5T and 3T sets. The FLASH, the 1.5T and 3T fused 
images were analyzed by proprietary software. Volume, thick- 
ness, and bone-cartilage-interface area were calculated for the 
tibia medial and lateral cartilage. 
All tibia cartilage regions (30 medial and 30 lateral) were pooled 
and analyzed. Summary statistics were obtained for the pooled 
cartilage measurements. The 1.5T fused images results were 
compared to the validated 1.5T FLASH and to the 3T results. 
The reproducibility analysis of the 3T was comparable to the 1.5T. 
